The work undertaken by climatologists and atmospheric physicists during the 1980s has led to far more consistent and precise predictions of future climate change being made at the close of the decade than had been made at its start. Governments have responded by calling for more information and, in some cases, have taken steps to mitigate the effects of such a change. The hydrological community has not been idle and many projects have been launched to study the interaction between climate change, the hydrological regime and water resources. However, the move towards larger scale international projects with major hydrological components will make new and extensive demands on the hydrological community, to which it must respond.
and water has turned out to be more and more important". With these words Mr Kaj Bârlund, the Finnish Minister of the Environment, opened the WMO Conference on Climate and Water in Helsinki in September 1989 (WMO, 1989c .
At the close of the Conference, the Swedish Minister of Environment and Energy, Mrs Birgitta Dabi, noted that:
" Information given by the scientific community concerning the scale of climate change and its consequences is not totally concordant. We are all aware of the fact that in the society of research there are -and should be -doubts about the absolute truth. But we as politicians cannot await the final results. Incomplete results are often used as an excuse not to take necessary measures. Too often such performances have proved to be mistakes. Of course we need more research, but the decisions needed cannot await the final results. We have to take brave and responsible action now -and to be prepared to sharpen our tools when new knowledge and technology are made available.
It seems, however, according to most messages from the scientific community, to be realistic to count on impacts of climate change in different sections of society. The difficulty is to form an opinion of how big the influences will be, which impacts will be favourable and which will be hazardous for food production, energy production and so on.
As to water conditions, impacts are to be feared on precipitation, evaporation, water storage in soil, snow and glaciers, water temperature, water quality and the sea level. These impacts will change the conditions for hydropower production, agriculture, forestry, fishery, drinking water supply, urban hydrological facilities and harbours and will of course influence the economy.
It is obvious that we, as soon as possible, must try to estimate the impacts on different social sectors. We must be able to scrutinize our plans for energy production and transportation systems and we must consider the need for changing the kind of crops used on our farms, the dimensions of our urban storm sewer drains and the levels on which we place our constructions in coastal areas. Other important factors are, for example, the risks for change in water quality and the washout of nutrients and other polluting compounds to lakes and coastal waters." Such statements are not new and it was the same spirit of concern for climate change and its potential impact that led WMO to convene the World Climate Conference back in 1979.
In the late 1970s the media quoted predictions of dramatic changes in the Earth's climate and forecast frightening consequences for mankind. Public figures were worried and sought confirmation from eminent scientific bodies. The World Climate Conference was intended to sort fact from fiction and provide a balanced view as advice to governments. This it did, but the view was couched in very cautious terms because hard facts and definitive results were almost non-existent. In official circles the adjectives "potential" or "possible" were systematically added in front of "climate change", but this did not mean that the subject was shelved. Far from it: the Conference (WMO, 1979) led directly to the launching of the World Climate Programme and its declaration contained an appeal to nations:
to take full advantage of man's present knowledge of climate; to take steps to improve significantly that knowledge; and to foresee and to prevent potential manmade changes in climate that might be adverse to the well-being of humanity. What is new in the statements made in Helsinki ten years after the World Climate Conference is that they are now being made by government ministers, not just by newspaper reporters or by groups of scientists, and that countries are investing large sums of money to improve our understanding of the fundamental processes involved and of the potential impacts.
PROGRESS IN THE SCIENTIFIC COMMUNITIES
In the last ten years a lot of solid scientific research has been undertaken at national and international level under the general auspices of the World Climate Programme. By the time of the Villach Conference in 1985 (WMO, 1985) , there was general agreement within the scientific community that increasing concentrations of greenhouse gases would cause significant global warming which could have important impacts on precipitation and surface runoff and could lead to a rise in sea level. Early estimates were made of the extent of the possible change in climate. They have since been under continuous review and debate (e.g. WMO, 1990a) , but the consensus has been sufficient, and has been announced with sufficient clarity, to be recognized and accepted at the very highest levels of government. The combined voices of the climatological community have, therefore, achieved a breakthrough which is important not only for their scientific discipline but also, so it is believed, for the future of mankind.
What of the hydrological and water-resource community? Eagleson (1986) has proposed that "He who controls the future of global-scale models controls the direction of hydrology". This is a personal view, but it is one which is widely shared and the hydrological and water-resource community must take it seriously. As has been frequently stated in the current debate over the future of hydrological science (Hemes', 1986) , this community is composed of those concerned with increasing our understanding of the fundamental hydrological processes and those whose work or personal inclination is to concentrate more on finding practical solutions to the many water-related problems faced by society. The latter live daily with the need to make decisions in the face of uncertainty and imperfect knowledge. For them, climate change could be seen as one more imprecise input to future planning which may or may not have an impact on the final decision taken. On the other hand, for the hydrological scientist, in the pure sense, climate change can offer an exciting challenge: a new field to be studied. It can also be frustrating, because there is little likelihood of the climatologists being able to offer predictions of changes in temperature and precipitation with sufficient precision in time and space to make it possible to forecast the resulting changes in soil moisture, streamlow, aquifer levels, flood potential and the like with any reasonable degree of accuracy.
It is possible, however, to identify a logical framework for studying the water-related impacts of climate change which permits both of those groups to play a role (Askew, 1987) . It may be presented in the form of a four-link chain:
climate change hydrological processes water-resource systems society It is gratifying to note the depee of unanimity which is evident in the various approaches to the problem taken by institutions and individual hydrologists. Their findings may not agree, which is hardly surprising at such an early stage, but there is no sign as yet of a division into opposing camps. This bodes well for the future COORDINATION AT INTERNATIONAL LEVEL "Coordination" at international level should not be interpreted necessarily to mean the implementation or control of the projects concerned. In certain cases international organizations, both governmental and non-governmental, do fund projects and implement them themselves. In the vast majority of cases, however, the organizations see their role as being to encourage joint action by national agencies and cooperation between individual experts. The organisations' resources under the heading "climate and water" are very limited, particularly in the face of the many demands made upon them. They are only a fraction of the combined resources that are available to national agencies for such work. The international organizations therefore concentrate on convening meetings, where the national experts concerned can reach agreement on joint action under the auspices of the organizations concerned, and on obtaining international endorsement and recognition of the work being undertaken.
In March 1990, the international hydrological community gathered in Paris to recall the start of the International Hydrological Decade 25 years previously. Three years earlier in Budapest, WMO celebrated the Silver Jubilee of the establishment of an international commission responsible for hydrological matters (WMO, 1986a) . The International Association of Hydrological Sciences can trace its origins back to 1922, or even to 1894.
International cooperation in hydrology is not new. Countless international symposia and conference have been held covering every conceivable subject. The international organizations, both governmental and non-governmental, have established programmes in hydrology and water resources which have involved experts from very many countries and have led to an everexpanding library of guides, manuals and other publications.
WMO'S activities in hydrology and water resources are based on a four year planning cycle which is set within a ten year long term plan. In 1991 the eleventh WMO Congress will adopt a plan for the period 1992 to 2001. The current draft of this plan contains specific reference to activities on: use of climate information for water-resource projects; assessment of climate effects on the water sector; and water-related aspects of studies of climate. It also includes proposals for the Global Energy and Water Cycle Experiment (GEWEX).
UNESCO has recently launched the fourth phase of its International Hydrology Programme covering the period 1990 to 1995. This contains a theme on the relationship between climate variability (and expected change) and hydrological systems, which is covered by three specific projects: study of the relationship between climate variability and change and hydrological regimes affecting water balance components; hydrology, water management and hazard reduction in low-lying coastal regions and deltaic areas in particular with regard to sea level changes; and extraordinary rainfall and snowmelt floods in rivers of the world. The above programmes provide the bases for widespread cooperation, but it has been comparatively rare for this to lead to international global projects in which individual experts or institutions from different countries cooperate in undertaking practical studies rather than organizing symposia for the preparation of publications. There are successful examples, however, such as the projects on intercomparison of conceptual models coordinated by WMO (WMO, 1975 , 1986b , 1990b , but of particular relevance in the context of this paper are two other projects: the Flow Regimes and Experimental and Network Design (FREND) Project implemented under the auspices of UNESCO's IHP-III, and the globally more extensive, but conceptually less intensive, compilation of data by the WMO/FRG Global Runoff Data Centre (GRDC) in Koblenz. These are both examples of international projects which seek to understand hydrological processes at the regional and global scales.
Water-related activities under the World Climate Programme, integrated under the title WCP-Water, have been planned and implemented as a truly inter-agency, international effort (WMO, 1988 (WMO, , 1989a . These include, for example, the compilation and analysis of long time series of hydrological data (a WMO project), efforts to distinguish between the influence of man's activity and climate variability on the hydrological cycle (a UNESCO project) and the re-analysis of hydrological observations (a national Czechoslovak project). The current full list of WCP-Water projects is contained in the Annex to this paper. Progress with these projects is regularly reviewed at meetings that are convened jointly by WMO and UNESCO. The next was hosted by EASA in the week immediately following the EGS XV General Assembly. Other national and international programmes share the same aims as WCP-Water while not formally being a part of it. One example is the work on climatic impact on water resources and loods being undertaken as part of the European Programme on Climatology and Natural Hazards (EPOCH) of the European Economic Community
Once only a few individuals were involved in such work (Schaake & Kaczmarek, 1979; Nernec & Schaake, 1982) ; now they can be numbered in their hundreds. The appeal of the 1979 World Climate Conference has certainly been heeded. This in turn calls for the global hydrological community to find its voice and offer advice to those who have responsibility for the design and operation of water-resource projects and for planning future research endeavours. One avenue for this is through the convening of broadly based scientific meetings. A number of such were held in the mid-1980s and their findings were brought together in a report produced by WMO in 1987 under the auspices of WCP-Water (WMO, 1987) .
That report noted that the present (1987) accuracy of predictions of regional climates in a high C0 2 world was insufficient for use in hydrological simulation studies but that investigations could be made to see where and in what circumstances possible climate changes might have the most serious consequences. The most important implications for water resources were seen as arising through the effects on droughts and floods, both their frequency and their severity. Such changes could have potentially devastating results. A gradual change in mean runoff could probably be accompanied by a progressive adaptation by the economic sectors affected, such as agriculture, but severe problems would also arise in many cases which could be solved only at great expense, if at all. Particular attention was paid to the consequences for physical security, drinking water supplies, agriculture, energy supplies and the implications for international security in cases where rivers cross national boundaries.
In discussing management response and research requirements, the 1987 meeting presented the following key facts to be borne in mind: (a) the impact of climatic change is likely to be most adversely felt in regions which presently use a high proportion of available water; (b) water supply systems which are, under the current climate, resilient with respect to adverse weather conditions will be more able to meet changed climate conditions; (c) water resources whose physical properties are well understood and whose exploitation is based on this understanding will be capable of being reorganized most rapidly to accommodate new conditions; and (d) one should avoid making unattainable demands on climate and hydrological modellers. They will never be able to supply data equivalent to instrumental records. While advice will have to be offered to government and to planners and operators of water-resource systems, it must be recognized that such advice will be derived from an uncertain factual base. Excessive claims to accuracy and precision must be avoided. These facts are still of great relevance and importance in 1990.
AN APPEAL FOR CONCERN AND RESPONSIBLE ACTION
Scientific meetings, even when broadly representative, can easily find that they are talking to themselves. Reports such as that from the 1987 meeting may not be read and understood by all who could benefit from their conclusions. For these reasons, the intergovernmental body of WMO responsible for hydrology and water resources, its Commission for Hydrology, adopted a "Statement on the hydrological and water-resource impacts of global climate change" (WMO, 1989b) . This statement, which was subsequently endorsed by the WMO Executive Council in June 1989, starts with the brief but arresting remark "Climates change, this much can be said without contradiction" and goes on to note that it is against a background of continuous climatic variability that we must view the new risks (and, conceivably, benefits) of a man-induced climate change.
The WMO statement recognizes the multitudinous uncertainties in converting climate information to water resource decisions due to the complexity of most practical cases and to scientific déficiences in modelling. Given the added burden of uncertainty about climate change, it is considered to be definitely inappropriate at this time to discard available analytical procedures or to engage in expensive alterations to existing facilities. However, it is felt that much remains feasible and prudent despite the uncertainties that surround the climate impacts issue. Such actions relate to the encouragement of research, to environmental monitoring and data assembly, and to the informal aspects of project design and operation. There is an appeal for enhanced programmes of data collection and hydrological research. There are also proposals as to prudent actions which should be undertaken when contemplating new water resource schemes or reviewing the performance of existing ones, including the preparation of a report in each case on the resilience of the scheme to an envisaged climate shift. The statement ends with a call for those involved in water resource activities to include the certainty of climate variability and the possibility of climate change in their thinking about the future.
Even the most well-founded and farsighted statement cannot pretend to be the last word on any subject. As our understanding of climatological and hydrological processes develops and as improved projections of climate change are made, further research is needed to identify more precisely the impacts of such change in the water sector.
THE WAY AHEAD
This brings attention back again to the various projects already being undertaken under WCP-Water (see the Annex) and those now being planned. Two of the latter are of particular importance with regard to the challenge that they pose to the hydrological community.
The Joint Scientific Committee for the World Climate Research Programme has recently endorsed the proposal for a continental scale pilot study to be undertaken during the early 1990s as a part of the Global Energy and Water Cycle Experiment (GEWEX). The objectives of the project are stated as follows: (a) develop and validate macroscale hydrological models and coupled hydrological-atmospherlc models to obtain a quantitative understanding of the energy and water cycles over extended land areas; (b) develop and validate information retrieval schemes incorporating existing and future satellite observations with in situ measurements to enable expansion of the GEWEX models and data base to the global domain; and (c) provide a capability to translate the effects of a future climate change into impact on water resources on a regional basis. The two main activities of the first phase of the pilot study will be the development of the data base and macroscale hydrological modelling activities.
The data base should include all of the necessary information to evaluate the water and energy balances of the atmosphere and the earth over the study area as a whole and over various parts. Included also should be data needed to study the behaviour of hydrological processes at scales beginning with small watersheds, through the scale of atmospheric model grid squares, up to the full study area.
Land phase hydrological models will be coupled to atmospheric models in the following ways: (a) macroscale hydrological model inputs to global circulation models (GCMs) will include: évapotranspiration at high spatial resolution, soil moisture, runoff; (b) atmospheric model inputs to macroscale hydrological models will include: precipitation, winds, humidity, temperature, radiation; and (c) data assimilation techniques will be developed using coupled models and data to improve understanding of water and energy cycles. Models will have to be developed at an early stage, using existing data, and will be improved as new satellite data become available. Current and future satellite data will be used to extend the models to areas where existing data are inadequate for model development. New coupled models that incorporate the more physically-based hydrological representation will be validated during the pilot study.
The selection of a study area requires some care. The Mississippi river basin has been proposed as a suitable candidate, primarily because of the availability of very good three dimensional rainfall data expected to be available through the NEXRAD system and the exploitation and quality control of the existing surface and subsurface hydrological data.
The second project has been developed in conjunction with the Global Runoff Data Centre referred to earlier and in collaboration with the IAHS/WMO Working Group for GEWEX. The aim is to compile a comprehensive set of runoff data for Central Europe and to develop and test methodologies to be used in transforming these data to give estimates of daily runoff for W by W grid cells. The work will focus first on the Elbe/Labe and the Wesser Rivers and then expand to cover a region bounded approximately by latitudes 45° and 55°N and longitudes 5° and 25°E. The project is a cooperative effort of national institutions from Austria, Czechoslovakia, Germany, Hungary, Poland and Switzerland. It should ran through to the mid-1990s.
These are but two of many rational and International projects being implemented or planned in the general subject area of climate change and water. There is no shortage of projects, and interest in climate change has allowed many hydrologists to obtain higher levels of funding for their activities than has been the case in the past. There are two potential problems that should, however, be recognized.
Referring to the three stages of transfer of the impact of climate change introduced above, climatologists are now devoting a major part of their efforts to the problem of climate change and many studies are being undertaken of the potential consequent impact on hydrological processes. As was evident from the papers offered for the Helsinki Conference, there are comparatively few who are investigating the consequences of that impact on water resource systems, with all its complexities of correlated inputs and feedback mechanisms. Least of all appears to be interest in the final impact on socio-economic systems. Here we pass on to a poorly-defined realm well beyond the normal limits of hydrology, but this is the world in which political leaders and decision makers move and in which mankind lives and works. The hydrological community should press for a balanced and comprehensive approach to the whole subject and be prepared to ask the questions that will lead to more projects in the water resource systems and socio-economic sectors.
The second problem is the shift in thinking and in manner of implementation that will be required if many of the planned projects are to succeed: they will require extensive interdisciplinary work, for example between hydrologists and climatologists; much is being written on macroscale hydrology, but few practical results have yet been obtained on the subject and many of the theoretical ideas may not hold up well in practice; larger scale problems require a pooling of major national resources. This has been achieved by meteorologists in the past; they know that they can do it, but they also know the conditions for success and the problems to be overcome; and hydrologists will face many problems that are specific to hydrology and there is a danger of underestimating the difficulties that lie ahead.
Here it is relevant to quote Eagleson (1986) again: "Because of humanity's sheer numbers and its increasing capacity to affect large regions, the hydrological cycle is being altered on a global scale with consequences for the human life support systems that are often counter-intuitive." Global-scale hydrology cannot be ignored and it must be pursued with vigour and supported with adequate resources.
If the hydrological community is too apologetic and over-cautious, it will be doing a disservice to the cause of international cooperation and it will certainly not fulfil its obligations to the world at large. This paper was presented at the open session on hydrology organized as part of the XV General Assembly of the European Geophysical Society which was held in Copenhagen in April 1990. Since then a number of the projects referred to have have progressed further. In particular, the plans for GEWEX have been refined and now concentrate on the GEWEX Continental-scale International Project (GCIP) based on the Mississippi basin and involving a major hydrological component which will draw heavily on the hydrological data and expertise available in North America, while inviting participation by overseas institutions and experts.
Of particular note has been the convening of the Second World Climate Conference. This was held in Geneva from 29 October to 7 November 1990 and comprised both scientific and ministerial sessions. The Conference established a task group on climate, hydrology and water resources which, in its report, presented the following key recommendations. a) data systems must be strengthened in order to predict water resource impacts, detect hydrological changes and improve hydrological parameterization in global process models; b) integrate the work of individuals and agencies studying impacts by combining information on sensitivities of water availability and water demand to determine the global pattern of water stress; c) transfer technology and financial resources to developing countries to provide a common basis for quantifying impacts; d) increase international collaboration and experiments within international agencies directed toward an understanding of the role of water "in the climate system and greenhouse gas production, and exploit this knowledge to prevent or adapt to climatic change; e) re-evaluate existing scientific methods of analysing hydrological processes in the light of human-induced changes; f) incorporate the possible effects of climatic changes in the design and management of water resource systems, considering their long construction times and subsequent lifetimes; and g) re-evaluate international water law and treaties in the light of future climatic changes.
• The Second World Climate Conference itself, in its final statement, noted that:
"Among the most important impacts of climate change will be its effects on the hydrological cycle and water management systems, and through these, on socio-economic systems. Increases in incidence of extremes, such as floods and droughts, would cause increased frequency and severity of disasters"; and that:
"Data systems and research must be strengthened to predict water resources impacts, detect hydrological changes, and improve hydrological parameterization in global climate models." The Conference also called for the creation of a Global Climate Observing System (GCOS) built upon the World Weather Watch Global Observing System and the Integrated Global Ocean Service System and including both space-based and surface-based observing components. The elements to be monitored under GCOS encompass those of the hydrological cycle and current plans for the system foresee important inputs from the hydrological community.
The decisions and recommendations of the Second World Climate incorporated into others and are therefore no longer being implemented. 
